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DOES INCREASING DAYLENGTH CONTROL SEASONAL CHANGES
IN CLUTCH SIZES OF NORTHERN PINTAILS (ANAS ACUTA)?
GARY L. KRAPU,1,3 GLEN A. SARGEANT,1 AND ALISON E. H. PERKINS2,4
1U.S. Geological Survey, Northern Prairie Wildlife Research Center, Jamestown, North Dakota 58401, USA; and
2California Waterfowl Association, Sacramento, California 95834, USA
ABSTRACT.ÐWe evaluated spatiotemporal variation in clutch sizes of Northern Pintails
(pintails; Anas acuta) nesting in California (1985 to 1996), North Dakota (1982 to 1985), Sas-
katchewan (1982 to 1985) and Alaska (1991 to 1993) to determine whether seasonal declines
in clutch size varied in ways that were consistent with a controlling in¯uence of increasing
day length. Pintails began nesting in mid-March in California, mid-April in North Dakota
and Saskatchewan, and mid-May in Alaska. Observed durations of nesting were 70 6 2.6
days (SE) in California, 60 6 6.3 days in North Dakota, 66 6 1.3 days in Saskatchewan, and
42 6 0.7 days in Alaska. Annual differences were the principal source of variation in mean
clutch sizes ( Y2 5 0.15, SE 5 0.049), which varied little among study locations ( A2 5 0.002,sˆ sˆ
SE 5 0.013). Predicted rates of seasonal decline in clutch sizes increased with latitude early
in the nesting season, but declined as the nesting season progressed, except in California.
Rates of decline in clutch sizes thus were not directly related to rates of increase in day
length. Predicted declines in numbers of eggs per clutch over the nesting season were similar
for all four locations (range, 3.05±3.12) despite wide variation in durations of nesting. Evi-
dence suggests that reduced nutrient availability during nesting contributes to a higher rate
of decline in clutch sizes in Alaska than in temperate regions. Pintails that nest early lay
large initial clutches, but thereafter clutch sizes decline rapidly and breeding terminates ear-
ly. This reproductive strategy is adaptive because young that hatch earliest exhibit the high-
est survival rates; however, the conversion of grassland to cropland on the primary prairie
breeding grounds has reduced hatching rates of clutches laid early in the nesting season.
Under these conditions, the limited capacity to renest in late spring on their prairie breeding
grounds probably has contributed to Pintail population declines. Received 28 September 2000,
accepted 29 October 2001.
RESUMEN.ÐEvaluamos la variacioÂ n espacio-temporal del tamanÄ o de la nidada de indivi-
duos de Anas acuta que anidan en California (1985 a 1996), North Dakota (1982 a 1985), Sas-
katchewan (1982 a 1985) y Alaska (1991 a 1993) para determinar si la reduccioÂ n estacional
en el tamanÄ o de la nidada varõÂa de modo consistente con el incremento en la longitud del
dõÂa. A. acuta comienza a nidi®car a mediados de marzo en California, mediados de abril en
North Dakota y Saskatchewan y mediados de mayo en Alaska. El perõÂodo de nidi®cacioÂ n
observado fue de 70 6 2.6 dõÂas (EE) en California, 60 6 6.3 dõÂas en North Dakota, 66 6 1.3
dõÂas en Saskatchewan y 42 6 0.7 dõÂas en Alaska. Las diferencias anuales fueron la principal
fuente de variacioÂ n en el tamanÄ o medio de la nidada ( Y2 5 0.15, EE 5 0.049), el cual varioÂsˆ
poco entre los sitios de estudio ( A2 5 0.002, EE 5 0.013). Las tasas predichas para la re-sˆ
duccioÂ n estacional del tamanÄ o de la nidada incrementaron con la latitud al comienzo de la
estacioÂ n de nidi®cacioÂ n, pero declinaron a medida que la estacioÂ n avanzoÂ , excepto en Cal-
ifornia. De este modo, las tasas de reduccioÂ n del tamanÄ o de la nidada no estuvieron direc-
tamente relacionadas con las tasas de incremento en la longitud del dõÂa. Las reducciones
predichas para el nuÂ mero de huevos por nidada durante la estacioÂ n de nidi®cacioÂ n fueron
similares para los cuatro sitios (rango, 3.05±3.12), a pesar que la duracioÂ n del perõÂodo de
nidi®cacioÂ n varõÂa ampliamente. La evidencia sugiere que una reducida disponibilidad de
nutrientes durante la nidi®cacioÂ n contribuye a que la tasa de reduccioÂ n del tamanÄ o de la
nidada sea mayor en Alaska que en las regiones templadas. Los individuos que nidi®can
temprano ponen nidadas iniciales de gran tamanÄ o, pero luego el tamanÄ o declina raÂpida-
mente y el perõÂodo reproductivo termina maÂs temprano. Esta estrategia reproductiva es
3 E-mail: garypkrapu@usgs.gov
4 Present address: Montana Cooperative Wildlife Research Unit, University of Montana, Missoula, Montana
59812, USA.
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adaptativa porque los joÂ venes que eclosionan maÂs temprano exhiben las tasas de supervi-
vencia maÂs altas. Sin embargo, la conversioÂ n de pastizales a campos de cultivo de las prin-
cipales aÂreas reproductivas (i.e., praderas) ha reducido las tasas de eclosioÂ n de las nidadas
puestas a principio de la estacioÂ n de nidi®cacioÂ n. Bajo estas condiciones, la limitada capa-
cidad para volver a nidi®car a ®nes de la primavera en estas aÂreas reproductivas probable-
mente ha contribuido a que las poblaciones de A. acuta declinen.
CLUTCH SIZES OF many species of birds de-
cline progressively during the nesting season
(Lack 1968, Klomp 1970), including waterfowl
that breed in temperate and northern regions of
the northern hemisphere (Rowher 1992, Briggs
1993). Reproductive ®tness is the ultimate fac-
tor controlling seasonal declines in clutch size,
but proximate factors remain poorly under-
stood. With Julian date being the best predictor
of clutch size in many species of birds, day
length has been identi®ed as possibly being the
primary proximate cue controlling rates of sea-
sonal decline in clutch sizes (Murphy and Hau-
kioja 1983, Bluhm 1988). The hypothesis that
day length regulates the seasonal decline in
clutch sizes of birds through an intrinsic phys-
iological mechanism is intriguing because day
length is the most reliable cue to which birds
are known to be exposed during the breeding
season (Farner 1964). In spring, day length in-
creases with date and with latitude, so rate of
increase in day length could potentially serve
as a reliable cue for regulating rate of decline
within seasons and across latitudes. Such a
physiological mechanism would potentially be
adaptive because survival rates of young wa-
terfowl decline with hatch date in most species
that have been studied (Rotella and Ratti 1992,
Cooke et al. 1995, Grand and Flint 1996, Dzus
and Clark 1998, Guyn and Clark 1999) and
more rapidly in northern than temperate re-
gions (Grand and Flint 1996, Guyn and Clark
1999). However, experiments that could corrob-
orate or refute the hypothesis that day length is
the primary proximate cue regulating rates of
seasonal decline in clutch sizes have not been
conducted.
To determine whether rates of increase in day
length control seasonal declines in clutch sizes
of temperate-breeding ducks, we studied spa-
tiotemporal variation in clutch sizes of the
Northern Pintail (Anas acuta; hereafter ``pin-
tail'') across its latitudinal range of breeding in
North America. We selected pintails for study
because the species breeds across the widest
range of latitudes of any species of duck (Bell-
rose 1980), exhibits low natal philopatry (John-
son and Grier 1988), and lacks signi®cant ge-
netic variation across its breeding range in
North America (Cronin et al. 1996). We hypoth-
esized that rates of decline in pintail clutch siz-
es should increase with latitude in a pattern
consistent with rates of increase in day length
if the seasonal decline in clutch size is con-
trolled primarily by rate of increase in day
length. Speci®cally, the objective of our re-
search was to determine whether seasonal de-
clines in clutch sizes of pintails vary with lati-
tude, and if so, whether variation is consistent
with postulated explanations for seasonal de-
clines in clutch sizes.
METHODS
We analyzed clutch-size data collected in
California (1985 to 1996), North Dakota (1982
to 1985), Saskatchewan (1982 to 1985), and
Alaska (1991 to 1993). Data from California
were collected by researchers af®liated with
the California Waterfowl Association in four
physiographic regions: the Suisun Marsh (an
estuary), the Sacramento Valley, the San Joa-
quin Valley, and the intermountain region of
northeastern California (see McLandress et al.
[1996] for site descriptions). In North Dakota
and Saskatchewan, data were collected in the
Prairie Pothole Region by researchers af®liated
with the Northern Prairie Wildlife Research
Center or its cooperators. In Alaska, data were
collected along the lower Kanshunuk River
drainage on the outer fringe of the Yukon Delta
National Wildlife Refuge by researchers af®li-
ated with the Alaska Fish and Wildlife Re-
search Center. Kantrud et al. (1989) described
the Prairie Pothole Region in North Dakota,
Greenwood et al. (1995) described study sites
in Saskatchewan, and Flint and Grand (1996)
described the Alaska study area.
Nest searches were conducted and clutch siz-
es were determined by procedures of Klett et
al. (1986; California, North Dakota, Saskatche-
wan) or Flint and Grand (1996; Alaska). When
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TABLE 1. Julian dates of ®rst and last observed nest initiations of Northern Pintails and nesting interval
(days).
Location
n
Nests Years
First initiation
Mean (SE) Range
Last initiation
Mean (SE) Range
Nestling
interval
Mean (SE)
California
North Dakota
Saskatchewan
Alaska
829
220
453
339
12
4
4
3
80 (2.7)
110 (4.1)
104 (2.3)
136 (2.9)
69±105
100±120
100±110
133±142
150 (2.8)
170 (2.4)
170 (1.9)
178 (3.5)
136±170
165±174
167±175
174±185
70 (2.6)
60 (6.3)
66 (1.3)
42 (0.7)
FIG. 1. Nesting intervals of Northern Pintails and
associated day lengths on four study areas in temper-
ate and Arctic North America. Day length encom-
passes the period from sunrise to sunset. Information
is from the Central Valley in California, the Prairie
Pothole Region of North Dakota and Saskatchewan,
and the Yukon-Kuskokwim Delta in Alaska.
each nest was discovered, the date, location,
number of eggs, and stage of embryonic devel-
opment (Weller 1956) were documented. At
each revisit to a nest, the number of eggs and
stage of development of embryos were record-
ed. A nest initiation date was estimated for each
nest by backdating from the date of discovery
to adjust for laying (assuming a laying rate of
one egg per day) and stage of embryonic de-
velopment. In California, nest searches began
during the last week of March, except in the in-
termountain region, where searches started
during the second week of April because nest-
ing began later. Nest searches continued until
mid-June at all California sites. In North Da-
kota and Saskatchewan, nest searches were be-
gun the ®rst week of May and continued until
late June. In Alaska, nest searches were con-
ducted from mid-May through mid-July.
Day lengths were determined by measuring
the interval between sunrise and sunset and
also with civil twilight included. Relative day
lengths of the four study locations were affect-
ed little by the inclusion of civil twilight, so
here we present results for intervals between
sunrise and sunset only. Day length was deter-
mined for each date over the nesting period for
each location where pintail clutch sizes were
measured. Day lengths for the Central Valley of
California (Sacramento; 388349N), the Prairie
Pothole Region of North Dakota (Bismarck;
468499N) and Saskatchewan (Regina; 508279N),
and the Yukon-Kuskokwim Delta in Alaska
(Bethel; 608479N) were obtained from records
maintained by the U.S. Naval Observatory,
Washington, D.C.
We used random effects models to estimate
annual (sY2) and regional (sA2) variation in
mean clutch size (c) and bootstrapping to es-
timate standard errors of variance components.
Our model [cijk 5 m 1 ai 1 yj(i) 1 ek(ij), ai ;
N(0,sA2), yj ; N(0,sY2)] included two factors: ar-
eas (ai) and years nested within areas (yj(i)). We
used Akaike's Information Criterion (AIC;
Burnham and Anderson 1998) to select multi-
ple regression models that best described sea-
sonal changes in clutch size. We considered
three types of linear and quadratic candidate
models for each location: a simple relation be-
tween clutch sizes and dates (simple linear/
simple quadratic models); a parallel linear or
quadratic relation for each year (parallel lines
models); and a linear or quadratic relation for
each year (full interaction models). After using
AIC to select regression models, we used di-
agnostic plots to evaluate ®ts. To estimate an-
nual declines in mean clutch sizes, we used dif-
ferences between maximum and minimum
values predicted by our models for observed
dates of nest initiations. We used S-PLUS 2000
software (MathSoft 1997) for analyses.
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FIG. 2. Mean clutch sizes of Northern Pintails
breeding at study locations in California (CA), North
Dakota (ND), Saskatchewan (SK), and Alaska (AK)
during 1982±1996. Bars indicate 95% con®dence
intervals.
TABLE 2. Results of model selection describing changes in clutch sizes of Northern Pintails in California
(1985±1996), North Dakota (1982±1985), Saskatchewan (1982±1985), and Alaska (1991±1993). For each site,
the explanatory variable d represents the number of days elapsed from the earliest observed date of nest
initiation. DAIC values ,2 identify reasonable candidate models, with smallest values indicating best mod-
els. The subscript i distinguishes years.
Model
DAIC
California North Dakota Saskatchewan Alaska
y 5 a 1 bd
y 5 ai 1 bd
y 5 ai 1 bid
y 5 a 1 bd 1 gd2
y 5 ai 1 bd 1 gd2
y 5 ai 1 bid 1 gidi2
5.3
0
5.6
7
1.6
12.8
13.7
3.8
7.9
9
0
4
4.7
1.7
5.8
1.8
0
5.7
11.3
0.3
2.5
13.2
0.7
0
RESULTS
Observed dates of ®rst nest initiation ranged
from 9 March (Julian date [JD] 69) in California
to 12 May (JD 133) in Alaska and dates of last
nest initiation ranged from 18 June (JD 170) in
California to 4 July (JD 185) in Alaska (Table 1).
The observed nesting interval ranged from an
average of 70 days in California to 42 days in
Alaska (Table 1). At the onset of nesting, day
length was 5.2 h longer in Alaska (17.4 h) than
in California (12.2 h) (Fig. 1). During periods of
nest initiation, day length varied by 2.0 h in
Alaska, 2.5 h in North Dakota, 3.1 h in Califor-
nia, and 3.0 h in Saskatchewan (Fig. 1). Annual
differences were the principal source of varia-
tion in mean clutch sizes ( Y2 5 0.15, SE 5sˆ
0.049), which varied little among the four study
locations ( A2 5 0.002, SE 5 0.013) (Fig. 2).sˆ
Season-long relations between clutch size
and initiation date were best described by a lin-
ear parallel lines model in California, a qua-
dratic parallel lines model in North Dakota and
Saskatchewan, and a quadratic model with full
interaction in Alaska (Table 2). However, small
differences in AIC (i.e. ,2; Burnham and An-
derson 1998) indicated that some models we se-
lected were not markedly superior to all com-
petitors (Table 2). Mean clutch sizes predicted
by models are shown in Figure 3. Predicted
rates of decline in clutch sizes (regression mod-
el slopes) early in the nesting season increased
with latitude (Fig. 4, inset); however, changes
in clutch size were not directly related to rates
of change in day length (Fig. 4). Predicted de-
clines in numbers of eggs per clutch over the
nesting season were similar for all four loca-
tions (Table 3).
DISCUSSION
Several environmental factors probably con-
tributed to annual variation in pintail clutch
sizes at the four sites. Clutch sizes decline as
nest initiation dates advance (Esler and Grand
1994), so any environmental factor that causes
timing of nesting to vary among years contrib-
utes to annual variation in clutch sizes. In the
Prairie Pothole Region, ambient temperatures
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FIG. 3. Mean clutch sizes (sample sizes) and
means of corresponding model predictions, by sev-
en-day interval, for Northern Pintails nesting at lo-
cations in California (1985±1996), North Dakota
(1982±1985), Saskatchewan (1982±1985), and Alaska
(1991±1993).
FIG. 4. Relations between rates of decline in
clutch size and rates of change in day length for
Northern Pintails in four regions of North America.
Inset shows rate of change (6SE) in clutch size at the
onset of nesting.
TABLE 3. Predicted clutch sizes of Northern Pintails. Model coef®cients are averages over n years, but R2
values are for best-®tting models identi®ed in Table 2. The variable d represents number of days after the
earliest initiation observed at each site.
Location
Study
period n Mean clutch size R2
Range of
mean
clutch sizesa
California
North Dakota
Saskatchewan
Alaska
85±96
82±85
82±85
91±93
12
4
4
3
9.545 2 0.0451d
9.938 2 0.0999d 1 0.0008d2
9.779 2 0.076d 1 0.00038d2
9.8645 2 0.1589d 1 0.0018d2
0.20
0.22
0.34
0.32
3.11
3.12
3.11
3.05
a For nesting intervals of average duration, beginning on average dates of ®rst initiation (see Table 1).
in April vary widely among years and affect the
timing of arrival on breeding sites and the on-
set of nesting (Hammond and Johnson 1984). In
cold springs, maintenance energy require-
ments increase (Kendeigh et al. 1977). Accord-
ingly, when delaying nesting, birds expend a
higher proportion of lipids to meet nonrepro-
ductive needs, and subsequently lay smaller
initial clutches. In North Dakota, for example,
clutch sizes were smallest in 1982 and 1983
(Fig. 2), years when April temperatures were
below average (National Oceanic and Atmo-
spheric Administration 1961±1990). Clutch siz-
es of pintails also are in¯uenced by annual var-
iation in water conditions on the breeding
grounds (G. Krapu unpubl. data), a phenome-
non that has also been documented for Gad-
walls (Pietz et al. 2000). In California, pintail
clutch sizes were smallest in 1988 (Fig. 2), a
year when wetland habitat on all study areas
was affected by extremely dry conditions (A. E.
H. Perkins et al. unpubl. data).
Day length is the primary proximate cue that
brings ducks into a general state of readiness
for migration and reproduction (Bluhm 1992).
Pintails are among the ®rst species of ducks to
nest (Austin and Miller 1995), having evolved
with a relatively short critical day length as in-
dicated by nesting in California starting as ear-
ly as 9 March (#11.8 h; Fig. 1). Early nesting in
northern regions is possible through extensive
reliance on endogenous lipids to form early
clutches (Mann and Sedinger 1993, Esler and
Grand 1994). An early onset of breeding and
laying of large ®rst clutches are adaptive be-
cause young that hatch earliest survive at the
highest rates (Grand and Flint 1996, Guyn and
Clark 1999).
Rates of seasonal declines in clutch sizes in-
creased with latitude, but not in patterns con-
sistent with a controlling in¯uence of day
April 2002] 503Determinants of Pintail Clutch Size
TABLE 4. Liver and gizzard masses of female Northern Pintails by reproductive stage in North Dakota
(1969±1971) and Alaska (1987±1988).
Component
Fresh mass gram by reproductive stagea
Prelayingb
Mean (n) SE
Layingc
Mean (n) SE
Incubationd
Mean (n) SE
North Dakota
Liver
Gizzard
23.4 (10)
28.5 (10)
1.2
1.1
20.6 (11)
24.3 (11)
1.0
1.0
16.3 (6)
20.5 (7)
1.1
1.1
Alaska
Liver
Gizzard
12.2 (25)
31.5 (24)
0.7
1.1
12.4 (12)
17.7 (12)
0.8
1.0
11.0 (16)
20.8 (16)
0.6
1.9
a Livers and gizzards were weighed to the nearest 0.1 g. All data from Alaska are derived from Mann and Sedinger (1993, table 5).
b Prelaying 5 no ruptured follicles and no evidence of regressing ovulated follicles or brood patches from a previous attempt. For Alaska,
the prelaying stage represents the combined pre-RFG and RFG categories.
c Laying 5 enlarged ovary with $1 recently ovulated follicle(s) and $1 enlarged yolk-®lled follicle(s) remaining to be ovulated.
d Incubation 5 In North Dakota, incubating females were identi®ed by having a well-developed and vascularized brood patch, no develop-
ment of ovarian follicles preliminary to renesting, and were feeding alone when collected. For Alaska, incubating females were collected while
on nests allowing stage of embryo development to be determined following Weller (1956).
length (Fig. 4). In California, clutch sizes de-
clined at a constant rate of 0.05 eggs per day
throughout the breeding season (Table 3), even
though day length increased from the onset to
the end of nesting (Fig. 4). In North Dakota and
Saskatchewan, rates of decline in clutch sizes
initially increased as day length increased but
rates slowed late in the season during periods
when day length was increasing rapidly. Thus,
clutch sizes of pintails were not directly related
to changes in day length.
Factors potentially responsible for geograph-
ic variation in rates of decline in pintail clutch
sizes include differences in food availability
(and thus nutrient uptake), endogenous nutri-
ent reserves carried to the breeding grounds by
females, and metabolic costs associated with
differences in ambient temperatures (Kendeigh
et al. 1977, Miller and Newton 1999).
Availability of high-quality foods affects
clutch size (Eldridge and Krapu 1988): geo-
graphic variation in nutrient uptake during re-
production could thus contribute to latitudinal
variation in rates of decline in clutch sizes. To
evaluate that possibility, we compared female
pintail liver and gizzard mass changes by re-
productive stage in North Dakota (Krapu 1974)
and central Alaska (Minto Flats; 648509N,
1488509W; Mann and Sedinger 1993) in a non-
overlapping series of years. Those organs were
selected for comparisons between Alaska and
North Dakota because their sizes are affected
by digestive activity. Liver masses averaged
higher in North Dakota than in Alaska in all re-
productive stages and declined from egg lay-
ing to incubation at both sites (Table 4). Lower
liver masses in Alaska are consistent with pat-
terns expected with reduced food intake (Rav-
eling 1979, Tome 1984). Larger masses of livers
in North Dakota females during reproduction
probably resulted from higher metabolic activ-
ity including greater storage of protein and lip-
ids (Ziswiler and Farner 1972). Females in
North Dakota feed primarily on macro-inver-
tebrates (Krapu 1974) that are abundant sourc-
es of most nutrients needed for egg production
(Krapu and Swanson 1975), but often are de®-
cient in the essential amino acid cysteine (Ali-
sauskas and Ankney 1992). Glutathionine pools
exist in livers of birds that are adequately nour-
ished and provide a temporary source of cys-
teine during molt and egg production, which
may have contributed to relatively large liver
masses in North Dakota (Murphy and King
1985). Female gizzard masses in central Alaska
and North Dakota, on average, declined by 44
and 15%, respectively, from prelaying to laying
(Table 4). In Alaska, females feed primarily on
seeds and other plant parts during egg pro-
duction (Burris 1991). Reduced consumption of
animal matter by Alaska pintails when forming
eggs has been attributed to lower availability of
animal foods (Burris 1991) and may have re-
sulted in a greater reliance on endogenous pro-
tein from gizzards to meet part of protein re-
quirements for egg production (see Mann and
Sedinger 1993). Patterns of change in liver and
gizzard masses during reproduction in North
Dakota and Alaska support the hypothesis that
high-quality food is less available during repro-
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duction in Alaska resulting in reduced nutrient
uptake and a more rapid decline in clutch size.
Geographic differences in the amount of en-
dogenous lipids that females carry to the breed-
ing grounds could also have contributed to var-
iation among sites in rates of decline in clutch
sizes. In Alaska, Esler and Grand (1994) found
that the timing of ®rst nests and clutch size in
pintails was related to the size of female lipid re-
serves. Esler and Grand (1994) also found that the
timing of nesting was in¯uenced by the rate at
which lipid reserves were being used to meet
non-reproductive needs. Use of endogenous lip-
ids by female pintails for non-reproductive pur-
poses has been shown to be exceptionally high in
northern regions (Mann and Sedinger 1993, Esler
and Grand 1994) when compared to other species
of Anatini and Aythyini breeding in temperate
regions (Krapu 1981, Ankney and Afton 1988,
Alisauskas et al. 1990, Afton and Ankney 1991,
Ankney and Alisauskas 1991, Alisauskas and
Ankney 1992, and Barzen and Serie 1990). High
use of endogenous lipids by pintails for non-re-
productive needs in Alaska presumably results
in part from nesting starting early when temper-
atures are lower, but also may re¯ect food being
less available than in temperate regions. Research
is needed to determine whether the amount of
lipids required to meet non-reproductive needs is
higher among pintails breeding in northern than
in temperate regions to further assess the hy-
pothesis of reduced nutrient uptake in northern
regions contributing to a more rapid rate of de-
cline in clutch sizes.
Ambient temperatures potentially could
have contributed to geographic variation in
rates of decline in clutch sizes. However, long-
term average ambient temperatures for North
Dakota (Bismarck; National Oceanic and At-
mospheric Administration 1961±1990), Sas-
katchewan (Regina; Environment Canada
1883±1990), and western Alaska (Bethel; Na-
tional Oceanic and Atmospheric Administra-
tion 1961±1990) at the onset of nesting were 6.1,
4.1, and 4.48C, respectively, indicating differ-
ences were relatively small and not consistent
with a higher rate of decline in clutch size in
Alaska. The long-term average ambient tem-
perature for California (Sacramento) in March
at the onset of breeding is 12.08C (National
Oceanic and Atmospheric Administration
1961±1990), 6 to 88C higher than in North Da-
kota, Saskatchewan, and Alaska. Reduced
maintenance energy requirements may con-
tribute to a slower rate of decline in clutch size
in California.
Rates of decline in pintail clutch sizes slowed
in North Dakota, Saskatchewan, and Alaska as
the nesting season progressed (Table 3, Fig. 4)
as described previously for Saskatchewan
(Duncan 1987) and Alberta (Guyn and Clark
2000). The reduction in rate of decline in clutch
sizes occurred during a part of the nesting in-
terval when maintenance energy requirements
presumably also were declining with rising
ambient temperatures and declining body mas-
ses (Krapu 1974, Mann and Sedinger 1993, and
Esler and Grand 1994). In California, rates of
decline in clutch sizes were lower and did not
increase as in North Dakota, Saskatchewan,
and Alaska (Table 3). This difference probably
re¯ects, in part, that females in California
breed under mild conditions where mainte-
nance energy requirements have less in¯uence
on clutch sizes than in North Dakota, Saskatch-
ewan, and Alaska.
Pintail reproductive success on northern
nesting grounds is constrained by a high rate
of decline in clutch size, a short nesting inter-
val, and a low rate of duckling survival (Grand
and Flint 1996). Typically, during years of
drought in the species' prairie breeding
grounds (1959±1968), the proportion of the
continental pintail population moving into
northern areas increased and pintail produc-
tion rates (indexed by the ratio of hatch-year to
after-hatch-year birds in the harvest) declined
(Smith 1970). Between 1969±1979 and 1980±
1992, the latitudinal disparity in age ratios of
pintails in the hunter harvest disappeared,
suggesting production had declined on the
prairie breeding grounds (Hestbeck 1995). This
change was associated with the conversion of
prime pintail nesting habitat in the western Ca-
nadian prairies and parklands to intensively
cultivated farmland (Bethke and Nudds 1995).
Nest success rates among ground-nesting
ducks in the Prairie Pothole Region of Canada
during 1982±1985 declined ;4% for every 10%
increase in cropland and were lowest early in
the nesting season (Greenwood et al. 1995). Po-
tential compensation for the loss of early
clutches through renesting is reduced in pin-
tails because later clutches are smaller and
nesting terminates exceptionally early (Krapu
2000). Thus, a human-induced decline in nest
April 2002] 505Determinants of Pintail Clutch Size
success rate on the species' primary temperate
breeding grounds in North America, along
with intrinsic constraints on compensatory re-
sponses, have reduced pintail reproductive
success in recent decades disproportionate to
other prairie-nesting dabbling ducks. Conse-
quently, the continental pintail population has
declined and, unlike other prairie-nesting dab-
bling ducks, has failed to respond to improved
wetland conditions recorded in the 1990s (U.S.
Department of the Interior 1997).
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